Abstract. 2014 Electromagnetic plane wave momentum transfer to an inhomogeneous plasma slab has been evaluated for an arbitrary reflecting and absorbing plasma density profile based on Euler's equation of motion but including a ponderomotive term. In the limit where the plasma density follows a step function, the Fresnel formulae for the coefficient of reflectivity have been obtained for both normal and oblique incidence (s-and p-polarization). For a smooth profile with a maximum density higher than the relevant critical density, the ponderomotive force induced pressure on the overdense plasma cannot be higher than 2 w0 (w0 is the electromagnetic energy density corresponding to the incident wave in a vacuum), and is independent of the wave swelling near the critical density. Also, for the case of oblique incidence, the analogues of the Abraham and Minkowski momenta have been calculated. J. Physique 42 (1981) 1. Introduction. -During the last ten years or so, much consideration has been given to the role of the ponderomotive force in the context of laser fusion . Experiments on laser induced plasmas have obtained conditions where the electron oscillation energy in the electromagnetic field of the laser radiation is comparable with the electron thermal energy, at least in the vicinity of the critical density where the electric component of the driving field can undergo significant swelling. The conditions are even more dramatic at oblique incidence when p-polarized laser light impinges upon an inhomogeneous plasma and a resonance occurs due to efficient linear coupling of the transverse electromagnetic and longitudinal plasma waves [26] .
Shearer, Kidder and Zink [1] in 1970, using their code Wazer, first investigated the effect of the ponderomotive force in their gas dynamic treatment of a plasma expanding into a vacuum. They were the first to observe both plasma density profile modification with the profile steepening in the vicinity of the critical density and the establishment of the so-called cavitons in an underdense plasma. Since then, much work has been done in this field both analytically [3, [14] [15] [16] [17] [18] [19] and purely computationally by either particle simulation codes [4] [5] [6] or gas dynamic codes [7] [8] [9] [10] [11] [12] [13] . Nevertheless, a clear answer, to the question of whether the ponderomotive force can change the plasma dynamics significantly (in a primary sense, i.e. without considering such secondary effects such as a change in the plasma absorption properties due to profile modification etc.), or drive an overdense plasma compression dynamics, has not yet been formulated. Obviously, these questions are related to the basic problem of the momentum transfer from radiation to an inhomogeneous plasma.
The proposal [2] that the ponderomotive force can induce a large momentum transfer to both underdense P;nh and overdense P;nt plasmas, which is much larger than the momentum Po of the radiation itself (and thus necessarily of opposite sign so that the net momentum is formally conserved Po + Pin, = -Pinh) have, however, not been confirmed by our recent computations for both normal [9] and oblique incidence and p-polarization [27] . Instead (2) gives no contribution, and consequently the net momentum transferred from the radiation to the inhomogeneous plasma (per unit surface area of the plasma) during a time interval t becomes At z = zo -0, as well as at z = z, + 0, the medium is homogeneous and consequently in that region H 2 = eE 2. The energy density of the electromagnetic field in a plasma is, after time-averaging over 2 n/co, W = E 2/8 , half of which represents always the energy density of the electric field while the remainder is complementarily split between the magnetic field energy density and the oscillation energy of the charged particles [28] . In photon terminology, W = Nhco, where N is a local photon density.
Hence, in terms of the photon density, the momentum transferred to an inhomogeneous plasma is If R is the coefficient of reflectivity relevant to the plasma density profile (1) , then where No is the density of the incident photon beam with the assumption of a nonabsorbing plasma, the net Poynting vector S must be a constant, and consequently Inserting (6) and (7) into (5) yields where ko = wlc and JC(t) represents the number of photons per unit area that entered the plasma-vacuum boundary, z = zo, during the time interval t.
For a nonreflecting profile (R = 0), we obtain the same momentum p(n)inh as that obtained by Hora [2] in his WKB treatment. On the other hand, by steepening the profile (1) There is one more very useful form of equation (8) which leads to a clear physical interpretation. Namely, the momentum P nh transferred to an inhomogeneous plasma is due to both the reflection of photons (2 hko momentum change per reflected photon) and recoil with an increase of the momentum of the transmitted photons (- (1 -R) ). Relation (10) is consistent with the photon momentum in an homogeneous plasma obtained earlier by other authors (see for instance [29, 2] (12) , ZO -+ Z l we obtain the relevant Fresnel formula. Equation (12) can be rewritten in various forms, and we shall immediately rewrite it in a form analogous to (9) , i.e.
where the z-component momentum increase of the photon after its transition from vacuum to a homogeneous plasma becomes Of course, setting 0.
= 0, equations (13) and (14) yield (9) and (10) , respectively. According to (14) , photon momentum is no longer a local quantity, depending on 81 alone. Instead, the photon momentum also depends on its history and, in particular, on the initial angle of incidence and is which can be written formally as where pM = hkolê, is the Minkowski momentum and PA(OO) = PM.COS2 00/(e1-sin2 00) an analog of the Abraham momentum at oblique incidence and s-polarization. 4 . Plane wave at oblique incidence and p-polarization. - This « residual » momentum is induced by an electrostatic field force affecting the elastic dipoles created at a polarized sharp plasma-vacuum boundary. For the case of a smooth plasma density profile (1) , this kind of momentum transfer is still présent, although it is built up continuously along the profile up to the magnitude (20) , and depends only on the boundary values of e. In the limit zo ---&#x3E; Zl, equation (18) yields in this case and consequently which is again the relevant Fresnel formula.
As in the previous sections, one can introduce the momentum (p) of the photon in an homogeneous dielectric medium, assuming that the relevant momentum increase Ap(P) provides a balance to the reflected-photoninduced recoil at a step-like plasma-vacuum boundary. To do this, we first rewrite equation (18) (23) and (24) The momentum transferred to an inhomogeneous plasma consists of : a) recoil to the reflected photons ; b) momentum balance of the photon momentum increase when entering the dielectric médium ; c) the momentum of the absorbed photons accepted by absorbing medium; d) electrostatic-force-induced momentum at oblique incidence and p-polarization.
Assuming no absorption and no reflection, our results are equivalent to the results of the WKB approximation, obtained earlier for normal incidence [2] .
In the limit Zo --+ z which represents the transition from an inhomogeneous plasma density profile to a sharp plasma-vacuum boundary, and allowing for the obviously vanishing momentum transfer to the inhomogeneous plasma (from the electromagnetic field, except its irrotational part), the there, but the net purely dynamic effect on the overdense plasma is determined solely by the radiation pressure E'0/8 n of the incident wave in the vacuum.
